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Catalyst Preparation
Nickel Iron layered double hydroxides (NiFe-LDH) supported on Vulcan XC72R were prepared via a microwave assisted autoclave one-pot synthesis route ( Figure S1 ). 1200 µl of 0.2 M Ni(OAc)2 x 4 H 2 O (Sigma Aldrich, 99.998 % purtity) and 240 µl 0.2 M Fe(NO 3 )3 x 9 H 2 O (Alfa Aeser, 98 % purity) prepared aqueous precursor solution were added to a 6 mg Vulcan XC72R (Cabot) in 6 ml Dimethylformamid (Sigma Aldrich) dispersion and subsequent stirred for 1 h. Additional 4 ml DMF and 8 ml ultrapure water (18.2 MΩ cm) were added before a two step synthesis microwave treatment (60 min at 120 °C; 30 min at 160° C and ) was conducted by using an Anton Paar Monowave 300. The final product was collected by centrifuge, repetitively washing with Ethanol and ultrapure water and lyophilized. All NiFe-LDH/C materials resulted in 37.7 ± 2.1 wt% metals in a Ni/Fe ratio of 3.62 ± 0.03. For the final Fe /PANI/Ketjen catalyst, 2 ml aniline (Sigma-Aldrich, > 99.5 % purity) was first dissolved in 250 ml 0.5 M HCl solution. 3 g FeCl3 (anhydrous, Sigma-Aldrich) was added into the solution and kept stirring for 15 min to ensure a total dissolution of aniline and FeCl 3 . Then, 5 g ammonium peroxydisulfate ((NH4)2S2O8) (Carl Roth, > 98 % purity) was dissolved in 250 ml 0.5 M HCl solution, and added drop wise (30~45 min) to the ice bath cooled dissolution for in situ polymerization of aniline. The polymerization of aniline was indicated by a color change, from initially light blue to a resulting dark blue. The polymer suspension was kept at low temperature until no color change was observed. Then, the pretreated Ketjen (0.4 g) was mixed with Fe/Polyaniline (Fe/PANI) under constant stirring for 48 h at room temperature to achieve uniformly distributed suspension, which was subsequently refluxed for 5 h at 80-90°C. After overnight drying of the mixture at 80-90°C in N 2 , a heat treatment was performed at 900 °C for 1 hour in N 2 . The remaining excess of Fe was removed by repetitive acid leaching (2M H 2 SO 4 ) under a reflux at 80-90°C for 7-8 h in N2 followed by washing until reaching a pH of 7. The next heat treatment at 900 °C was performed for 3 h in N 2 until the final Fe-N-C product was achieved. equipped with a 0.4 mm tip size to achieve a loading of 0.5 mgPt cm -2 for the hydrogen electrode side.
To obtain a homogenous 5 cm 2 coating the spraying was conducted in horizontal and subsequent vertical serpentine line and the table temperature was set to 50 °C. A mask was used to protect the protruding part of the membrane and to ensure the optimal vis-à-vis coating. After coating the drying process precedes 10 min. After further 10 min of cooling the mass loading on the membrane was determined. To control the obtained coated catalyst mass the unladen weight were determined before the coating step and compared to the resulted weight. 
Physical and chemical characterization of the samples
Powder X-ray diffraction (XRD) was carried out in locked mode between 10-70 ° and a step size of 0.039° on a Bruker D8 Advance x-ray Powder diffractometer equipped with a Lynx Eye detector and KFL Cu 2K
X-ray tube. The divergence slit was set to 6 mm, the antiscattering slit to 6° and the Lynx-Iris to 10 mm.
Transmission electron microscopy (TEM) and Energy dispersive x-ray spectroscopy (EDX) were conducted to study morphology and composition using a Tecnai G2 20 S-TWIN microscope operated at 200 kV, equipped with a GATAN MS794 P CCD-detector. Inductively coupled plasma-optical emission spectroscopy (ICP-OES) was used for elemental and compositional analysis using a 715-ES-inductively coupled plasma analysis system (Varian).
Electrochemical characterization
Every given electrochemical potential is given in respect to the reversible hydrogen electrode (RHE).For The HO 2 -production was calculated by using the following formula:
And the equation to calculate the electron transfer is as follows
Where i r is the measured current of the ring, i D is the current of the disc and N is the collection efficiency. 
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The cell measurement was carried out by using a commercial reversible fuel cell assembly (Carbon and FuelCell) consisting of two endplates with gas ports, two current collectors, two bipotential plates (Carbon plate for bifunctional hydrogen side, gold coated titanium plate for oxygen side), a gas diffusion layer (GDL-10BC, Sigracet® GDL) and the prepared MEA. The screws were tightened with a torque of 50 kg cm. To record the IV-curve a BioLogic SP 200 was used. Each data point was held for 15 s and the last Voltage point was taken. To repeat measuring in fuel cell mode the gases were purged again for at least 1 h at 50 °C to dry the GDL. Afterwards again 3 VI curves were recorded in fuel cell mode.
The standard errors (SE) were estimated by determining the value from at least three independent measurements and calculated by using the following formula:
where s is the standard deviation, n is the number of measurements, x i is the value of the i measurement and
x is the average of the values. 
